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Zr(Y,Ce)0y TZP ceranucs were prepared by sintering compacts of 3 mol% Y.Os-TZP(3Y-TZP) powders with different
amounts of 12 mol% CeQ5-TZP(12Ce-TZP), in air at 1400°C for 2 h. The phase changes. microstructure and mechanical
properties of Za1(Y,Ce)(3; TZP after hydrothennal aging(200°C, 5 h} were investigated. Although an addition of 12Ce-TZP
accelerated the grain growth of Zr(¥.Ce)O; TZF, il resirained the transformation of (etragonal to the monoclinic phase
during aging. The degradation in mechanical properties of sintered bodies was govemed by the formed menoclinic phase

and chemical composttion. Induced Vickers indentation crack was propagated intergranually. From
the fractured surfaces. the pull-out of individual graing was confirmed
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Table 1. Charactenistics of 1400°C-Sintered Malerials Before and Afier Agmng in Hydrothermal Condition

Batch

Average grain

Microhardness Fracture Toughness

composilion Density(%)  m-phase(val%) siza(lm) (GPa) strength(MPa) (MPa - mm)
100YZ 93.3 0 0.27 12.78+0.18 6434132 6 28+0.59
(70.8) {0.3) (12.41+0.03) (483+54) {6.04+0.0%)
T0YZ30CZ 94.2 4 0.35 12.1430.1 TOAET9 7.04+0.43
&rA0)] (0.48) (11.68+0.22) (411140 (61310203
SOYZ50CZ 953 0 047 11.77£0.16 460456 10.33£1.09
(10.4) 0Q.6) (11.29+£0.02) (4324-202) (6.82+0.24)
100CZ. 928 0 1.42 8.39+0.14 374446 +
(0.6) (1.43) (7.64+0.01) (345536) (+)
() Aller aging; + . Nol measured under a given condition
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Fig. 1. Scanning electron mlcmgrdphs of speeimens sitered at 1400°C for 2 h after aging in ]]yclmthc] mal condition(200°C, 5 h).
{a) 100CZ: (b) 70YZ30CZ: (c) 50YZS0CZ; (d) 100CZ.
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Fig. 4. Scanning electron micrographs showing mtergranular
indentation crack m (&) 1OOYZ and (b) 100CZ materials,

Loz @ om 215

7k _‘F% %7}

=1 c]

He doA 71:4179 AEE AT LAYAE
olth. 4, YA=1719] SV Guifithg s 27|15 27}
A7), o2 qldte] g Awg AaAE 4 gl
e gl ATk A7 vape] oA 44 S
IR, ol dgEe] BURE ST, Eek |

Hlol ol g e

Wk 7142 A7l v
A 2 Aol

4%

[2Ce-TZPS] 91472 3y-TZPe H|sle] we] dely
th FEEA7MY M EE A Sl ese] W
Bi7y 7R3} 290, 3Y-TZP| 12Ce-TzPe] A71= Ak
A2 AHEE 98 JAYA=ZAE =4 27
Rt @HWN% sl Bl T YR

A7l Al &S Ao )AH AEo] dEEes

PERLE

Bk
E7F 3~09%, J2|el4o) d~33%P 5 Z4adle) =
gurglits

Aol met Adelslnon] FUwst 8~41%, P

24
AT HAAH I,

o] LRI elakd LAz

= ATE 1998 Pkt ar k| sdra Al
A7) A2lel] glated ) uI3
REFERENCES
1. E C. Subbara. “Zirconia-an Overview”; pp. 1-24 m Sci-

]

10.

. 1. Wang. X. H. Zheng and R. Stevens.

. 1. Wang, M, Rainforth and R. Sievens,

ence and Technology of Zirconia. Edited by A.H. Heuer
and L.W. Hobbs, The American Ceramic Sociely. Colu-

mbus, Ohlio, 1981,

. DT Green, R H J Hanmink and M V. Swain, Trans-

fonmation Toughenmng ol Ceramics, pp. 17-835, CRC
Press. Bora Raton, Florida, 1989.

“Fabrication and
Mictostructure-Mechanical Property Relationships in Ce-
TZPs,” J. Marer Sci., 27, 3348-5356 (1992).

“The Grain Size
Dependence of the Mechamical properties i TZP Cera-

mics.” Br Ceram. Trans. J, 88, 1-6 (1989).

. M, Ruhle, N. Claussen and A.H. Heuer, “Microstructural

Studics al' Y,05-Contamning Tetragonal ZrO; Polysry-
stals (Y-TZPY"; pp. 332-370 in Science and Technology
of Zirconia 11 Edited by N. Claussen, M. Ruhle and A,
H Heuer, The American Ceramic Society, Columbus,
Ohuo, 1984.

. T. Sato, S. Ohtakt and M. Shumada, “Transformation of

Yitria Partially Stabilized Zirconia by Low Temperature
Anncaling in Air,” J. Mater Sci, 20, 1466-1470 (1985).

. T. Sato and M. Shimada, “Trans(ormation of Cena-Do-

ped Tetrugonal Zirconia Polyciystals by Annealimg in
Water,” Am. Ceram. Soc. Bull., 64(10), 1382-1384 {1983).
A ). A, Winnubst and A, J. Burggraaf. “The Aging Be-
havior of Ulwafine-Grared Y-TZP in Hol Water™; pp.
39-47 in Science and Techmology of Zircoma I11. Edited
by 8. Somiuya, N. Yamanolo and H. Yanagida The Ame-
rican Ceramic Society, Columbus, Ohig, 1988,

. W. Watanabe, S. lio and [. Fukuura, “Aging Behavior of

Y-TZP: pp. 391-398 m Science and Technology of Zir-
conia II. Edited by N. Claussen, M. Ruhle and A. H. He-
uer, The American Ceramic Society, Columbus, Ghio,
1984.

K. Tsukuma. ‘ Mechamcal Froperties and Thermal Sta-
bility of CcO, Containing Tetragonal Zirconia Polycry-

stals,” Am. Ceremn Soc. Bull.. 65. 1386-1389 (1986).

. R. L. K Malsumoto, “Agwng Behavior of Ceria-Stabili-

zed Tetragonal Zircoma Polyerystals,” J, Am. Ceran. Soc.,
71(3). C-128-C-120 {1988).



16.

17.

18.

Zr{Y.Ce)0y TZPY FAR97] Aa5e 7143 44

T Sato, S. Ohtaki, T. Ende and M. Shimada, “Trans-
formation of Yitria-Doped Tetragonal Zr(), Polysrystals
by Annealing under Controlled Humidity Conditions,” J
Am. Ceram. Soc., 68(12), C-320-C-322 (1985).

. T Masaki and Y. Murata, B “Microstructure of Y-PSZ

after Aging al High Temperature,” J. Matei: Sci., 22,
407-414 ¢(1987).

. T. Mitamura, B, Kogure. F Noguchi and T. Iida, “Sta-

bilily ol Tetragonal Zircoma in Molten Fluonide Salt™;
Pp. 109-118 in Science and Technology of Zirconia I
Edited by S. Somiya, N. Yamanoto and H. Yanagida,
The American Ceramic Society. Columbus, Ohio, 1988.

. T. Sato and M. Shimada, “Control of the Tetragonal-to-

Monoclinic Phase Translformation of the Yitria Stabili-
zed Zirconia in Hot Water,” .J. Marer, Sci., 20. 3988-3952
(1985).

H. Toraya, M. Yoshimura and 5. Semiya, “Calibration
Curve for Quantitative Analysis of thc Monoclinic-
Tetragonal ZrO, System by X-Ray Diffraction,” 1. Am.
Ceram. Soc., 67(6). C-119-C-121 (1984).

K. Niihara, R. Morena and I. P. H. Hasselman. “Eva-
Iuation of KIC of Brittle Solid by the Indentation Me-
thoed With Low Crack-lo-Indent Raties,” J. Mater: Sci. Lett.,
1, 13-16 (1982).

Y. Murase and E. Kato, “Role of Water Vapor in Cry-
stallite Growth and Tetragonal-Monoclinic Phase Trans-
farmation of Zr0y,” £ Am. Ceram. Soc., 66(3). 196-200

19.

21.

22

[\
Lh

1395

{1983).

G.S. A.M Theussen, A. J. A Winnubst and A. J. Bur-
gzraal, “Effect of Dopanls on the Sintering Behaviour
and Stability of Tetragonal Zirconia Ceramucs,” J. Eus.
Ceram. Soc., . 251-263 {1992}

. M M. R.Boutz, A. ), A. Winnubst and A J Burggiaal.

“Yttria-Ceria Stabilized Teragonal Znconia Polysrystals.
Sintenng, Gram Growth and Gran Boundary Segrega-
tion,” J. Ewr Ceram. Soc., 13, 89-102 (1994),

A. H. Heuer, N. Claussen, W. M Kiiven and M. Ruhle,
“Siability of Tetragonal Zr(, Particles in Ceramic Mat-
rices,” J. Am. Ceram. Soc, 65{12). 6412-649 {1982),
T. Sato and M. Shimada. “Transformation of Yttria-Do-
ped Tetragonal ZrQ- Polycrystals by Annealing in Wa-
ter,” J Am. Cermm. Soc, 68{Q), 356-359 (19835).

. T. A. Michalske and S. W. Fremman, “A Molecular Me-

chanism for Stress Corraston 1n Vitreous Silica,” J. Aau.
Ceram. Soc., 66{4), 284-288 (1983},

N Nanta, S. Leng, T. Inada end K. Higashida, “Envi-
ronment Effect on Phase Stability in Y-TZP Ceramics™;
pp. 1130-1135 1n Sinlering '87, Vol 2. Edited by 5. So-
miya, M. Shimada, M. Yoslumura and R. Watanabe, El-
sevier Applied Science, London, 1988.

. I. G. Duh, H. T. Dai and B. 8. Chiou, "Swntering, Micro-

structure, and Fracture Toughness Behavior of ¥,04-Ce
Oa-Zr0s," J. Am. Ceram. Soc, 71(10), 813-819 (1988).

A 364 A 12 Z(1999)



